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Abstract Surface sediments were collected from
the north western aquatic area (13 intertidal sites
and 5 river drainages) of Peninsular Malaysia,
which were suspected to have received different
anthropogenic sources. These sites included
town areas, ports, fishing village, industrial
areas, highway sides, jetties and some relatively
unpolluted sites. The present study revealed
that 4.79-32.91 ug/g dry weight for Cu, 15.85-
61.56 pg/g dry weight for Pb, and 33.6-317.4 ug/g
dry weight for Zn based on 13 intertidal surface
sediments while those based on 5 river drainage
surface sediments were 10.24-119.6 pg/g dry
weight for Cu, 26.7-125.7 pg/g dry weight for Pb
and 88.7-484.1 pg/g dry weight for Zn. In general,
the metal levels in the drainage sediments are
higher than in the intertidal sediments, suggesting
dilution factor in the intertidal sediment and
direct effluent from point sources in the drainage
sediment. In particular, the total concentrations
of Cu, Pb, and Zn for the sampling site at Kuala
Kurau Town exceeded the Effect Range Median
values for Cu, Pb, and Zn for assessments of
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sediment quality values for freshwater sediment
as proposed by MacDonald et al. (Arch Environ
Contam Toxicol 39:20-31, 2000), thus adverse
biological effects would be observed above
this level. Assessment using enrichment factor
(using Fe as a normalizer) and geoaccumulation
index showed that the three metals at Kuala
Kurau Town and Juru Industry drainage were
evidenced as having more enrichment and mostly
due to non-natural sources. However, caution
should be exercised that the interpretation can
only become valid when the ratios, indices, and
sediment quality values are combined. This is
due to the fact that not all the established indices
are applicable and, to a certain extent, some of
them should be further revised and improved to
suit a different metal for Malaysian sediment.
Undoubtedly, sites near drainages at Kuala Kurau
Town and Juru River Basin need greater attention
to mitigate the heavy metal pollution in the future.

Keywords Heavy metals - Peninsular Malaysia -
Surface sediment - Geochemical indices
Introduction

Monitoring heavy metal pollution by using sedi-
ment in the aquatic ecosystem has been conducted

in Malaysia since decades ago due to the fact that
quite a number of such studies had been reported
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in the literature (Ismail 1993; Ismail et al. 1993,
2004; Yap et al. 2002a, b, 2003, 2006a, b, 2007a,
b, 2008a, b, ¢, 2009). However, these metal data
are reported in the literature without comparing
with any specific geochemical indices such as en-
richment factor (EF) and geoaccumulation index
(Igeo). EF and Igeo can be used to assess the
extent of sediment contamination.

Studies on heavy metal contamination of sedi-
ments often rely on the analysis of total metal con-
centrations; however, this is not sufficient enough
for an understanding of their environmental be-
haviors since only a fraction of the total metal is
available for biological processes (Morillo et al.
2004; Ramirez et al. 2005). According to Zhang
et al. (2009), metal contamination cannot be sim-
ply evaluated by examining metal concentrations
alone. Therefore, it is needed to study the geo-
chemical speciation and distribution of heavy met-
als in sediments. This is due to the fact that it
is difficult to distinguish the natural originated
metals from anthropogenic sources in the sedi-
ment. Sequential extraction technique is one of
the methods to estimate the heavy metal concen-
trations in the sediments which are contributed
from natural or anthropogenic sources. Heavy
metal speciation studies are important because
slight changes in metal availability and in the en-
vironmental conditions can change the toxicity of
metals to animals and plants (Gismera et al. 2004).

The geochemical normalization has been used
extensively to obtain enrichment factor and to

assess anthropogenic contributions of metals in
sediments being studied (Acevedo-Figueroa et al.
2006). In the calculation of EF, usually Al or Fe
are used as normalizers. In this study, we did not
analyze Al concentration in the sediments. In-
stead, we used Fe to calculate the EF. The reason
is that besides Al being one of the most abundant
elements on the earth, Fe is also an abundant el-
ement in the structure of clay minerals and is also
associated with particle surfaces as oxide coatings.
In this study, the geochemical normalization was
obtained using Fe as the reference element. This
is due to the fact that Fe in the estuarine sediment
is mainly from natural weathering processes and
has been broadly used to normalize the metal
concentrations by a lot of researchers (Feng et al.
1998; Schi and Weisberg 1999; Mucha et al. 2003)
in order to reduce particle grain size influence
because variations in Fe concentration could be
explained by particle grain size differences, with
fine-grained sediments having high Fe concentra-
tions; besides, its geochemistry is similar to that
of many trace metals and its natural sediment
concentration tends to be uniform (Daskalakis
and O’Connor 1995; Feng et al. 1998). Moreover,
Shen (1992) found a significant linear correlation
(R =0.799) between Al,O3 and Fe, O3 was found
in Xiamen Harbor surface sediments. Although
there is no such study reported from Malaysia,
at least there is ground for us to use Fe as a
normalizer in this study. Therefore, we believe it
is reasonable to use Fe to calculate metal EF.

Table 1 The assessment References

EF Degree of enrichment

criteria for enrichment
factor (EF) used in this
study

Zhang and Liu (2002)

Han et al. (2006)

Acevedo-Figueroa et al.
(20006)

05<EF<15

Trace metals may be entirely from
crustal materials or natural weathering
processes

EF > 1.5 A significant portion of trace metal is
delivered from non-crustal materials or
non-natural weathering processes

EF <2 Deficiency to minimal metal enrichment

EF>2 Various degrees of metal enrichment

EF <1 No enrichment

EF <3 Minor enrichment

EF =3-5 Moderate enrichment

EF =5-10 Moderately severe enrichment

EF = 10-25 Severe enrichment

EF =25-50 Very severe enrichment

EF >50 Extremely severe enrichment
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Table 2 Geoaccumulation index (Igeo) in relation to pol-
lution extent according to Miiller (1981)

Igeo values Igeo class Pollution intensity

>5 6 Very strongly polluted

4-5 5 Strongly to very strongly
polluted

3-4 4 Strongly polluted

2-3 3 Moderately to strongly
polluted

1-2 2 Moderately polluted

0-1 1 Unpolluted to moderately
polluted

<0 0 Unpolluted

According to a review by Zhang et al. (2009),
this EF approach has been widely used to study
the sources and contamination of trace metals in
riverine, estuarine, and coastal environments. It
can indicate whether the metals are from natural
weathering processes of rocks or from anthro-
pogenic sources and reflect the status of environ-
mental contamination. The assessment criteria for
EF used in this study followed those suggested
by Zhang and Liu (2002), Han et al. (2006) and
Acevedo-Figueroa et al. (2006). The degrees of
enrichments are given in Table 1.

Another criterion to evaluate the heavy metal
pollution in the surface sediments is the Igeo
by Miiller (1981). This index is to determine
and define metals contamination in sediments,
by comparing current concentrations with pre-
industrial levels. The Igeo index can assess the es-
timation of these pollution process. Miiller (1981)
has distinguished seven classes of geoaccumula-
tion indexes (Table 2).

The objective of this study was to assess the
contamination of Cu, Pb, and Zn collected from
north western of Peninsular Malaysia by compar-
ing to sediment quality values (SQVs), EF and
Igeo values besides the ratios of nonresistant to
resistant geochemical fractions.

Materials and methods

Sediment samples were collected in 18-20 April
2005 from 18 sampling sites from the north west-
ern intertidal area (13 sites) and drainage (5 sites)
of Peninsular Malaysia (Fig. 1). The positions,

sampling dates and site descriptions are given in
Table 3. The top 3-5 cm of surface sediments were
collected at each sampling site. Each sediment
sample was put in a plastic bag and frozen prior
to analysis. The salinity of the surface water (0
20 cm) samples recorded directly in the field at
each sampling station were salinity by using a Hy-
drolab Datasonae 4a water quality multi-probe.

Sediment samples were dried by using an oven
at 60°C until constant dry weights. Later, the dried
sediments were pounded by using a clean pestle
and mortar and were sieved through a 63-um
stainless steel aperture. While sifting, the sieve
was shaken vigorously to produce homogeneity
(Yap et al. 2002a) and stored in clean and new
plastic bags.

The direct aqua-regia method was used to de-
termine the concentrations of Cu, Pb, and Zn in
the dried sediment samples. Firstly, about 1 g of
each dried sample was weighed and digested in a
combination of concentrated nitric acid (HNO3,
AnalaR grade, BDH 69%) and perchloric acid
(HCIO,, AnalaR grade, BDH 60%) in the ratio
of 4:1. After that, the tubes were put into the
digestion block at the low temperature (40°C)
for 1 h and then the temperature was increased
to 140°C for at least 3 h. The digested samples
were diluted to 40 ml by double distilled wa-
ter and filtered through Whatman No.l (filter
speed: medium) filter paper in a funnel into acid-
washed pillboxes. They were stored until metal
determination.

Geochemical fractions of Cu, Pb, and Zn in
the sediment were obtained by using the sequen-
tial extraction technique which was described by
Badri and Aston (1983) and modified by Yap et al.
(2002a). They are four fractions considered in this
method. These four fractions, extraction solutions
and conditions employed by each fraction were:

1. Easily, freely, leacheable, or exchangeable
(EFLE): about 10 g of the sample was shaken
continuously with 50 ml of 1.0 M ammonium
acetate (NH4CH3;COO), at pH 7.0 and at
room temperature pH 7.0 for 3 h.

2. Acid-reducible: the residue from the first step
was shaken continuously with 50 ml of 0.25 M
hydroxylammonium chloride (NH,OH-HCI)
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Sampling sites:

1) Kampung Kuantan

2) Kampung Penambang
3) Sungai Bernam

4) Hutan Melintang

5) Pelabuhan Hutan Melintang

6) Bagan Datoh

7) Jambatan R.Permaisuri Bainon
8) Kuala Kurau Jetty

9) Kuala Kurau Town

10) Batu 14 Jalan Pantai

11) Bagan Tiang (Offshore)

12) Bagan Tiang Jetty

13) Sungai Berembang

14) Kuala Perlis

15) Kuala Kedah Jetty

16) Kampung Kuala Muda

17) Kuala Juru Jetty

18) Juru Industrial draingae

PENINSULAR
MALAYSIA

100km N

SCALE

SOUTH
CHINA
SEA

Fig.1 Sampling locations of surface sediments in the north western coast of Peninsular Malaysia

that had been acidified with HCI to pH 2, at
room temperature for 3 h.

Oxidisable-organic: the residue from the sec-
ond step was first oxidized with 30% H,0,
in a water bath at 90-95°C. After being
oxidized, the residue was shaken continu-

@ Springer

ously with 50 ml of 1.0 M ammonium acetate
(NH4CH3;COO) that had been acidified with
HCl to pH 2, at room temperature for 3 h.

Resistant: the residue from the third step was
digested with 10 ml of an aqua-regia solution
that comprised of a combination of nitric acid
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(AnalaR grade, BDH 69%) and perchloric
acid (AnalaR grade, BDH 60%) in the ratio
of 4:1 for 1 h at the temperature of 40°C. The
temperature was then increased to 140°C for
an additional 3 h.

Before the next fractionation, the residue for
each fraction was weighed. Residue was rinsed
by 20 ml double distilled water. After that it was
filtered through a Whatman No.1 (Filter speed:
medium) filter paper in a funnel and the filtrate
were stored for the next step. For each fraction of
the sequential extraction procedure, a blank was
employed by using the same procedure to ensure
that the samples and chemicals used were free of
contamination.

After filtration, the sample was determined for
Cu, Pb, and Zn by using an air-acetylene flame
atomic absorption spectrophotometer, an inor-
ganic analytical instrument made by Perkin-Elmer
Model A Analyst 800. All the data were presented
in micrograms per gram dry weight basis.

The quality of the method used was checked
with a Certified Reference Material for Soil (In-
ternational Atomic Energy Agency, Soil-5, Vi-
enna, Austria). The agreement between the an-
alytical results for the reference material and its
certified values for each metal was satisfactory
with the percentages of recovery being between
88.3% for Cu (certified value, 77.1 pg/g; measured
value, 68.1 ug/g), 106.4% for Pb (certified value,
129 ug/g; measured value, 137 pg/g), and 87.8%
for Zn (certified value, 368 pg/g; measured value,
323 ng/g). Procedural blanks and quality control
samples made from the standard solutions for Cu,
Pb, and Zn were prepared from 1,000 mg/L stock
solution (MERCK Titrisol) of each metal, were
analyzed for every five to ten samples in order to
check for sample accuracy.

According to Ergin et al. (1991) the metal EF is
defined as follows:

(¥e) Sample

EF =
(X&) Background

where (Me/Fe)Sample is the metal to Fe ratio in
the samples of interest; (Me/Fe)Background is the
natural background value of metal to Fe ratio.
As we do not have metal background values for
our study area, we used the values from crust

@ Springer

materials [Cu, 32 ug/g; Pb, 16 ug/g; Zn, 127 pg/g;
and Fe, 35,900 pg/g] (Martin and Whitfield 1983).
The above equation used in the present study can
estimate the EF of Cu, Pb and Zn in the sediments
of the sampling sites using Fe as a normalizer to
correct for differences in sediments grain size and
mineralogy.

The Igeo index can be calculated by the follow-
ing equation:

Cn
1 =log2
seo = 1og2 (57 )

where Crn is the measured concentration of the
examined metal (n) in the sediment and Bn is
the geochemical background concentration of the
metal (n). Factor 1.5 is the background matrix cor-
rection factor due to lithogenic effects. Because
we did not have the background values of the
metals of interest, same as we did in EF calcula-
tion, we adopt the earth crust values (Martin and
Whitfield 1983) in Igeo calculation.

Results and discussion

The salinity values recorded in situ on the water
surface from 20 sampling sites are given in Table 3.
The salinity ranges are 0.04—-30.71. From the salin-
ity data, it is clear that Kg. Kuantan (0.04 ppt)
and Sg. Bernam (0.33 ppt) are rivers with little
influence from the marine seawater while Kuala
Kurau Town (0.21 ppt), Batu 14 Jalan Pantai at
Kurau (0.16 ppt), and Juru Industrial drainage
(0.62 ppt) are concrete drainages potentially re-
ceiving effluents from industrial discharges or do-
mestic wastes. Thus, these five sites are considered
as freshwater sampling sites. Although these salin-
ity data are difficult to explain the present metal
data on the surface sediments, these data can, at
least, provide us whether the influence of marine
seawater is significant.

The total concentrations of Cu, Pb, and Zn for
all sampling sites based on aqua-regia method are
presented in Tables 4, 5, and 6, respectively while
Table 7 shows the overall results dividing into
marine and freshwater sediments. The ranges for
total concentrations in the marine sediment were
79-32.91 pg/g dry weight for Cu, 15.85-61.56 pg/g
dry weight for Pb, and 33.6-317.4 pg/g dry weight
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:‘\?:rl;l;co(;?:rﬁ?arlitsigﬁz of Metals Type Fractions Mean + SE
(ng/g dry weight) of Cu, Cu Aver. sha?ea 45
Pb and Zn from the Aver. sediment® 33
present study with those Continental crust® 25
established Interim Marine 15 sites 14.73 +2.10 (4.79-32.91)
Sediment Quality Values ISQV-lowd 65
(ISQVs), averagz shale, ISQV-highd 270
average sediment and Freshwater 5 sites 42.46 + 21.62 (10.24-119.64)
continental crusts ERLE 70
ERM® 390
Pb Aver. shale? 20
Aver. sediment® 19
Continental crust® 14.8
Marine 15 sites 32.50 + 3.20 (15.85-61.56)
ISQV-low! 75
ISQV-highd 218
Freshwater 5 sites 59.06 + 17.89 (26.74-125.68)
ERL*® 35
ERM® 110
Values in brackets Zn Aver. shale® 95
indicate Aver. sediment® 95
minimum-maximum Continental crust® 65
values Marine Intertidal sediments 85.21 £20.13 (33.6-317.4)
4Turekian and Wedepohl (15 sites) This study
ElS?a?(l)znons and Forstner ISQV_I?de 200
ISQV-high 410
S%ggﬁ)epohl (1995) Freshwater 5 sites 244.7 + 87.2 (88.74-484.1)
dChapman et al. (1999) ERL? .
ERM® 270

¢MacDonald et al. (2000)

for Zn based on 13 intertidal surface sediments
while those based on 5 river drainage surface
sediments were 10.24-119.6 pg/g dry weight for
Cu, 26.7-125.7 pg/g dry weight for Pb, and 88.7-
484.1 pg/g dry weight for Zn. Kuala Kurau Town
drainage was found to have the elevated concen-
trations of Cu, Pb, and Zn while Juru Industrial
drainage site had relatively higher metal levels
compared to other sites. In general, Kuala Juru
Jetty and Juru Industrial drainage had elevated
levels of Zn.

The total concentrations of Cu, Pb, and Zn in
the sediments collected from the north western
part of Peninsular Malaysia were compared with
those reported from this region and Malaysia
(Table 8). For Cu in the marine sediment,
comparing with Malaysian studies, the ranges are
comparable and within those reported for the
intertidal of Peninsular Malaysia and higher
than Tg. Piai and Bintulu coast. When it is

@ Springer

compared to regional studies, the Cu ranges
are lower than Pearl River Delta/Estuary,
Yangtze River (intertidal zone) and Western
Xiamen Bay (China), Coastal Alang-Sosiya
and Mandovy estuary (India), Central Java
Coast (Indonesia), Kaoshiung Harbor (Taiwan),
and Victoria Harbor (Hong Kong). However,
it is higher than mangrove area, Kranji and
Tekong Island (Singapore) and Dumai coast
(Indonesia).

For Pb marine sediment (Table 8), the present
range is lower than Pearl River Delta (China),
Coastal Alang-Sosiya (India) and Kaoshiung
Harbor (Taiwan) but higher than several areas
including Central Java Coast (Indonesia), man-
grove area, Kranji and Tekong Island (Singapore),
Mandovy estuary (India), and Western Xiamen
Bay and Yangtze River (intertidal zone; China).
For Zn in the marine sediment (Table 8), com-
paring with Malaysian studies, the ranges are
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Table 8§ Comparison of Cu, Pb and Zn concentrations (pg/g dry weight) of surface sediment data reported from Malaysia
and this region

No. Area Cu Pb Zn References
Regional studies
1. Pearl River Delta, China 8.70-140 48.10-264.2  46.4-533.3  Cheung et al. (2003)
2. Coastal Alang-Sosiya, India 85.2-313 66-263 718.02-1,483 Reddy et al. (2004)
3. Semarang, Indonesia 33-72 18-44 17-36 Takarina et al. (2004)
4. Mangrove area, Singapore 7.06-32.0 12.3-30.9 51-120 Cuong et al. (2005)
5. Mandovy estuary, India 11.5-77.5 4.5-46.5 19.9-86 Alagarsamy (2006)
6. Kranji and Tekong Island, Singapore 7.70-17.9  26.1-29.8 49-62 Cuong and Obbard (2006)
7. Kaoshiung Harbor, Taiwan 5-946 9.5-470 52-1,369 Chen et al. (2007)
8. Pearl River Estuary, China 8.9-351.2  12.3-86 120478 Li et al. (2007)
9. Western Xiamen Bay, China 19-97 45-60 139 Zhang et al. (2007)
10.  Victoria Harbour, Hong Kong 16-280 21-85 52-221 Chloe et al. (2008)
11. Yangtze River (intertidal zone), China 6.87-49.7  18.3-44.1 47-154 Zhang et al. (2009)
12. Dumai coast, Indonesia 1.61-13.8 14.63-84.9 31-87 Amin et al. (2009)
Malaysian studies
1. West coast of Peninsular Malaysia < 6.00 1.00-45.00  50-1,400 Ismail et al. (1993)
2. Bintulu coastal waters 7.00-13.00 11.00-36.00 39-91 Ismail (1993)
3. Straits of Johore 4.40+090 30.8+4.8 26.1 Mat et al. (1994)
4. Juru River 14.00-72.00 9.00-78.00  29-316 Lim and Kiu (1995)
5. Johore Straits 10.8-92.9  26.4-69.9 68-231 Wood et al. (1997)
6. Offshore west coast of Peninsular Malaysia ~ 0.25-13.8 ~ 3.59-25.4 - Yap et al. (2002b)
7. Intertidal west coast of Peninsular Malaysia ~ 0.40-315 0.96-69.8 - Yap et al. (2002b)
8. Offshore west coast of Peninsular Malaysia — — - 4.00-79.05  Yap et al. (2003)
9. Intertidal west coast of Peninsular Malaysia — - 3-306 Yap et al. (2003)
10.  Kelana Jaya Lakes, Selangor 737-73.6 - 107-529 Ismail et al. (2004)
11.  Tg. Piai, Peninsular Malaysia 3.43-381  16.5-21.6 40-43 Yap et al. (2006a)
12. Sri Serdang Industrial Area 43.0-551.2 56.1-4043  169-296 Yap et al. (2006b)
13. Sepang River, Selangor 2.88-161 - 34-421 Yap et al. (2007a)
14. Polluted drainage sediments from 8.77-1,019  57.42-1,267 330-484 Yap et al. (2007b)
Peninsular Malaysia (6 sites)
15.  East coast of Peninsular Malaysia (10 sites)  12.96 - 55-86 Yap et al. (2008a)
16.  South coast of Peninsular Malaysia (5 sites)  38.8 - 38.1-221 Yap et al. (2008a)
17. West coast of Peninsular Malaysia (5 sites) ~ 31.13 - 36-395 Yap et al. (2008a)
18.  Sri Serdang Industrial Area, Selangor 48.76 2352 - Yap et al. (2008b)
19. Six intertidal area and 4 urban 6.64-122.7 26.0-227.7 - Yap et al. (2008b)
drainage sites, Selangor
20. Intertidals and drainages, Selangor - - 50-336 Yap et al. (2008c)
21. Sri Serdang Industrial Area, Selangor (1 site) 347.6 - 219 Yap et al. (2009)
22.  Northern part of Peninsular Malaysia 4.79-3291 15.85-61.56 33.6-317.4  This study
(13 marine sediment, 2005)
23.  Northern part of Peninsular Malaysia 10.24-119.6 10.24-125.68 88.7-484.1  This study

(5 freshwater sediment, 2005)

comparable and within those reported for the in-
tertidal of Peninsular Malaysia and higher than
offshore west coast of Peninsular Malaysia, Tg.
Piai, Johore Straits and Bintulu coast. When it
is compared to regional studies, the Zn ranges
are lower than Pearl River Delta/Estuary (China),
Coastal Alang-Sosiya (India), Kaoshiung Harbor
(Taiwan). However, it is higher than Yangtze

River (intertidal zone) and Western Xiamen Bay
(China), mangrove area, Kranji and Tekong Is-
land (Singapore), Mandovy estuary (India) and
Semarang and Dumai coasts (Indonesia), and
Victoria Harbor (Hong Kong).

For the freshwater sediments, the present
ranges for Cu, Pb and Zn are comparable and
within those reported from Malaysia such as

@ Springer
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Serdang Industrial drainage and Selangor indus-
trial and urban drainages (Table 8).

Although comparisons with other reported
data can give us a picture of the overall con-
tamination level in Malaysia, it is still uncertain
about the environmental consequences by these
metals. Therefore, in order to estimate possible
environmental consequences of Cu, Pb, and Zn
at the studied sites, the metals are compared
to the interim sediment quality values (ISQVs)
for Hong Kong of effect range low (ERL) and
effect range median (ERM) for marine sediment
as proposed Chapman et al. (1999), as shown in
Table 7. According to a review done by Praveena
et al. (2008), Hong Kong’s ISQVs are the most
appropriate guidelines that meet the prioritization
criteria and consistent with international initia-
tives and regulations (Chapman et al. 1999). The
present results showed that Cu and Pb concen-
trations in all the sampling sites were below val-
ues for ERL for Cu (65 pg/g) and Pb (75 ug/g),
indicating relatively “unpolluted” status. How-
ever, site at Kuala Juru Jetty exceeded the ERL
(200 pg/g) for Zn.

For freshwater SQVs (Table 7), the present
data are compared to ERL and ERM as pro-
posed by MacDonald et al. (2000) to assess the
ecotoxicology of Cu, Pb, and Zn concentrations
in sediments. Only Kuala Kurau Town drainage
exceeded the ERL for Cu (70) but lower than the
ERM value (390). Four other sites are below the
Cu ERL value. For Pb, Batu 14 Jalan Pantai and
Juru Industrial drainage exceeded the Pb ERL
value (35) and Kuala Kurau Town exceeded the
ERM value (110). For Zn, sites at Kuala Kurau
Town and Juru Industrial drainage exceeded the
ERM (270) while other sites are below ERL.
Low-range values (ERLs) are concentrations be-
low which adverse effects upon sediment dwelling
fauna would be infrequently expected. In con-
trast, the ERMs represent chemical concentra-
tions above which adverse effects are likely to
occur (MacDonald et al. 2000). Therefore, sedi-
ment at Kuala Kurau Town and Juru Industrial
drainage might have adverse biological effects
since at least one metal exceeded the ERM values.

The present Cu levels are also lower than those
for average shale (Turekian and Wedepohl 1961)
and average sediment (Salomons and Forstner
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1984) for all sampling sites except for Kuala Juru
Jetty which had exceeded the continental crust
value (Wedepohl 1995). For the freshwater sed-
iments, Kuala Kurau Town and Juru Industrial
drainage all exceeded the three values.

For Pb, all the sampling sites for marine or
freshwater all exceeded the values for average
shale (Turekian and Wedepohl 1961), average
sediment (Salomons and Forstner 1984) and con-
tinental crust value (Wedepohl 1995). For Zn in
the marine sediment, 6 out of 13 sites are below
the continental crust value while another 5 sites
exceeded the continental crust value. Only Bagan
Tiang offshore and Kuala Juru Jetty exceeded
all the values for average shale (Turekian and
Wedepohl 1961), average sediment (Salomons
and Forstner 1984), and continental crust value
(Wedepohl 1995). For the Zn in freshwater sed-
iment, all the sampling sites (except for Batu
14 Jalan Pantai only exceeded continental crust
value) exceeded all the three values.

In order to know the relative contribution of
anthropogenic source, ratios of nonresistant to re-
sistant fractions are established for Cu (Table 4),
Pb (Table 5), and Zn (Table 6). From Table 4, it
is found that sites at J. Raja Permaisuri Bainon,
Kuala Kurau Town, Juru Industrial drainage had
major contribution (>50%) of Cu due to non-
resistant fraction as the ratios are >1.0. From
Table 5, sites at J. Raja Permaisuri Bainon, Kuala
Kurau Town, and Sungai Berembang had major
contribution (>50%) of Pb. For Zn (Table 6), sites
at Kampung Kuantan, J. Raja Permaisuri Bainon,
Kuala Kurau Town, Batu 14 Jalan Pantai, Sungai
Berembang, Kuala Juru Jetty were all dominated
by nonresistant fractions of Zn but not in the site
at Juru Industrial drainage. This could be due
to the fact that the chemical extractants used to
fractionate the first three nonresistant fractions
were not strong enough and could not fully extract
these geochemical fractions. It is now well re-
ported that a decrease in the relative importance
of the resistant fraction was associated with conta-
minated conditions and this is well documented in
the literatures (Ismail et al. 2004; Yap et al. 2007a,
2008a, b).

Either comparison with reported studies or
knowledge on the contribution by the anthro-
pogenic sources can little explain the degree of
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contamination. Therefore, in order to know the
metal degrees of contamination, the application of
established indices into this study is necessary.

The Cu EF values are also presented in
Table 4, according to the criterion of Zhang and
Liu (2002), the sites at Kuala Kurau Town and
Juru Industrial drainage had exceeded 1.5 value,
suggesting that a significant portion of Cu is de-
livered from non-crustal materials or non-natural
weathering processes (Feng et al. 1998) while
other sampling sites may be entirely from crustal
materials or natural weathering processes (Zhang
and Liu 2002). Based on the Cu geochemical
fractions (Table 3), this is true that Kuala Kurau
Town and Juru Industrial drainage are dominated
(>50%) by nonresistant fraction, thus, supporting
that a significant portion of Cu is delivered from
non-natural weathering processes or mostly by
anthropogenic inputs. However, if other sampling
sites may be entirely from natural sources, it is
arguable since it is not supported by the Cu geo-
chemical fractions (Table 4) for other sampling
sites. Also, only Kuala Kurau Town had EF value
greater than 2, suggesting various degrees of metal
enrichment while other sites are considered as
deficiency to minimal metal enrichment, accord-
ing to the recommendation of Han et al. (2006).
Interpretation by Acevedo-Figueroa et al. (2006)
on the EF values suggests that sites at J.Raja Per-
maisuri Bainon, Kuala Kurau Town, Kuala Muda,
Kuala Juru and Juru Industrial drainage are clas-
sified as “no-enrichment to minor enrichment”
(1 < EF < 3) while other sites are considered as
“no enrichment” at all (EF < 1.0). Therefore, the
EF assessments based on Zhang and Liu (2002)
can better classify the Cu contamination on the
18 sampling sites in the present study while the
criterion of Acevedo-Figueroa et al. (2006) needs
further modification to suit the Cu levels in the
tropical sediment.

The Pb EF values are also presented in
Table 5, according to the criterion of Zhang and
Liu (2002), all the 18 sampling sites had exceeded
1.5 value, suggesting that a significant portion of
Cu is delivered from non-crustal materials or non-
natural weathering processes (Feng et al. 1998).
This estimation is partly supported by the non-
resistant fractions of Pb (Table 5) but the total
Pb concentration is also contributed by the re-

sistant or natural weathering sources as found in
the present study based on geochemical fractions
(Table 5). Therefore, the criterion of Zhang and
Liu (2002) seems not to be applicable for the
Malaysian Pb sediment and needs further revision
and testing. Quite similarly, all the sampling sites
except for Hutan Melintang site, had all EF val-
ues greater than 2, suggesting various degrees of
metal enrichment, according to the recommenda-
tion by Han et al. (2006). The various degrees of
metal enrichment are quite ambiguous and un-
clear. They can be due to both anthropogenic and
natural sources. Hence, the criterion of Han et al.
(2006) cannot assess the Pb contamination based
on the present study. Lastly, the interpretation by
Acevedo-Figueroa et al. (2006) on the EF values
suggests that sites at Kuala Kurau Town is clas-
sified as “moderately severe enrichment” (EF =
5-10), sites at Pelabuhan Hutan Melintang, Bagan
Datoh, J. Raja Permaisuri Bainon, Kuala Muda,
and Juru Industrial drainage are classified as “is
moderate enrichment” (EF = 3-5) while other
sites are classified as “minor enrichment” (1 <
EF < 3).

The Zn EF values are also presented in Table 6,
according to the criterion of Zhang and Liu
(2002), sites at Kuala Kurau Town, Kuala Juru
Jetty, and Juru Industrial drainage had exceeded
1.5 value, suggesting that a significant portion
of Cu is delivered from non-crustal materials
or non-natural weathering processes (Feng et al.
1998). This estimation is partly supported by the
nonresistant fractions of Zn (Table 6) but Juru
Industrial drainage seems not to be dominated
by nonresistant fraction (<50%) based on geo-
chemical fractions (Table 6). The assessment of
Zhang and Liu (2002) is well supported by the
recommendation of Han et al. (2006) in which the
above three sites exceeded 2.0 assessment crite-
rion value. Lastly, the interpretation by Acevedo-
Figueroa et al. (2006) on the EF values suggests
that sites at Kampung Kuantan and Kuala Kurau
Town are classified as “no enrichment to minor
enrichment” (EF = 1-3) while sites at Kuala Juru
Jetty and Juru Industrial drainage are classified
as “moderate enrichment” (EF = 3-5). Since the
assessment of Acevedo-Figueroa et al. (2006) can
better classify the Pb and Zn contamination into
different degrees of enrichment, it is the best

@ Springer



36

Environ Monit Assess (2011) 183:23-39

Fig. 2 Cluster analysis

Tree Diagram for 18 Cases

—

based on single linkage

Euclidean distances, on 1

the geochemical fractions 10

of Cu, Pb, and Zn 2

concentrations in the 3

sediments collected from 5

18 sampling sites, based 15

on logjp(mean + 1) 4 I
transformed data of first 1? |1
three geochemical 6

fractions (EFLE, 14

acid-reducible and 12
oxidisable-organic), ratios 13

of nonresistant to 16

resistant fractions and 7

total concentrations of 9

the Cu, Pb, and Zn. Note: 18

Sampling site numbers 17

follow those in Table 3

0.2 0.4

among the three criteria used so far regardless
of some literature that all EF might represent
the actual contamination level in the sediment
(Groengroeft et al. 1998) and is a good tool to
differentiate the metal source between anthro-
pogenic and naturally occurring (Morillo et al.
2004; Selvaraj et al. 2004; Valdés et al. 2005).

Based on the Igeo classification in Table 2, for
Cu Igeo indices (Table 4), all sampling sites had
Igeo indices <0, indicating “unpolluted” condi-
tion except for Kuala Kurau Town (1.32; mod-
erately polluted), Juru Industrial drainage (0.34;
unpolluted to moderately polluted). For Pb Igeo
indices (Table 5), all sampling sites had Igeo in-
dices <1, indicating “unpolluted to moderately
polluted” condition except for Kuala Kurau Town
(2.39; moderately to strongly polluted), Juru In-
dustrial drainage (1.44; moderately polluted) and
Bagan Datoh (1.36; moderately polluted). For
Zn Igeo indices (Table 6), all sampling sites had
Igeo indices <1, indicating “unpolluted to moder-
ately polluted” condition except for Kuala Kurau
Town (1.17; moderately polluted), Kuala Juru
Jetty (0.74; unpolluted to moderately polluted)
and Juru Industrial drainage (1.35; moderately
polluted).

Finally, based on the cluster analysis in Fig. 2,
it can be summarized that sites at Kuala Kurau
Town, Kuala Juru Jetty, and Juru Industrial
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drainage are grouped into a same sub-cluster, in-
dicating that these two sampling sites (freshwater
sediments) received more contamination of Cu,
Pb, and Zn as shown in Tables 3 and 4 since these
sites also had higher (>50%) nonresistant frac-
tions of these metals than the resistant ones. These
localized elevated metal concentrations could be
related to point source discharges related to rapid
urbanization and industrial development in Kuala
Kurau Town and Juru adjacent areas, respec-
tively. The Juru estuary was previously reported
to have been polluted by heavy metals (Yap et al.
2002b; Yap et al. 2003). Therefore, the present
data also confirmed continued point source of
industrial discharge into the Juru river basin. The
rest of the sites are clustered differently, indicating
lesser contamination by Cu, Pb, and Zn. There-
fore, the dendrogram based on cluster analysis
supports the findings by using the assessment of
geochemical study, EF, Igeo, and SQVs.

Conclusion

From the present study, it is evidently shown that
sampling sites at Kuala Kurau Town and Juru
Industrial drainage at Juru Industrial Area, were
contaminated by Cu, Pb, and Zn based on ratios
of nonresistant to resistant geochemical fractions,
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EF, Igeo and SQVs. However, caution should be
exercised that the interpretation can only become
better provided the ratios, indices and SQVs are
combined besides examining the metal concentra-
tions alone. This is due to the fact that not all
the established indices are applicable and, to a
certain extent, some of them should be further
revised and improved to suit a different metal. An
index established from other ecoregions could be
useful for one metal but not necessarily for other
metals. Thus, further improvement and revision
on the geochemical indices are necessary based on
Malaysian sediment data.
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